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(57) Abstract: 

PURPOSE: To keep stabilized combustion in. a catalytic 
combustion apparatus, by providing a honeycomb hoat 
insulating ptat&. a honeycomb catalyst body, and a back 
ftre preventive plate tn the borinbustion apparatus from 
the downstream side to the upstream aid^ in order, and 
by providing a dffTuslon plate made of expanded ceramics 
between a vaporizing cylinder and a back fire preventive 
plate. 

CONSTITUTION: A combustion, cylinder 17 made of 
heat-resistant metal Is composed of a honeycomb hoat 
Insuiating plate 14 and a honeycomb catalyst body. 15, 
and an igntlion heater 16 fs provided between them, A 
mixing cylinder 18 made of metal of high thermal 
conducttvtty, Al. for example, is fitted to the "bottom 
of a cornbustion cylinder 17, and a vaporizing cylinder 
20, having built-in sheath heater 19 In it. is fitted to 
the bottom of a mixing cylinder 18, A diffusion plate 23 
made of expanded ceramics Is provided in the mixing 
cyCnder 18 underneath a, back fire preventive plate 21. 
eondistihg of porous plate made of ceramics, and a 
punched Injection plate 22. A resistance 24 consisting 
of wire net is provided to the opening to connect the 
mbdng cylinder 18 with the vaporizing cylinder 20, With 
such an arrangement, comparatively compact combustion 



chamber can be composed, in which sUbitizod 
combustion can be taken place, if the rate of combustion 
and the rate of air are largely changed. 
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1. TXTI.E or tro IWVMTIOH 

A catalyst combustor 

2, «HA« IS CLAIHBD IS: 

1. A catalyst combustor comprising: 

a noneyoomb aeart-retcntion plate made of heat-resistant 

ceramics t 

a honeyocmb catalytic medium, and 

a back fire preventive plate, which are disposed in the 
above sequence as defined from downstxean. side toward 
upetream side along a f lo^ of premised fuei-air mixture, said 
catalyst conbuetor characterised in further comprialng a 
diffusion plate of foamed ceramics . which is disposed between 
a vaporisation cylinder defined in the upstream side a»d said 
back fire preventive plate. 
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2. A catalyst combustor iu accordance with claim 1, in 
vhion said honeycomb catalytia medium comprieea a honeycomb 
carrier ana at leaat one type of o^ide of transition metal 
selected from a group consisting of Mi. Co and Cr, carried 
on Bald hodeycomb carrier. 

3. A catalyst combustor in aeoordance with claim 2, in 
which heat-resistant ceramics, euch as alumina, mullit*. 
mullite- zircon and ziroonia. are employed as a material for 
said carrier. 

4. A catalyst combustor in accordance with claim 1, in 
which cordierlte ia employed as a material for aaid diffusion 
plate of foamed oeranlcs. 

3. DBTAXLSD PBSCRIPTIW OF TBB XWVBSVXOV 

Field Of the invent ion 

■me present invention relates to a catalyst oombufltor, 
in which a variety type of gaseous fuel or a vaporized llQuld 
fuel is supplied along with a oombuation air over a catalytic 
madiom so as to induce an OJtidation reaction on a surfaoe 
tHereof to thereby generate heat, which will be in turn 
utilized. 

Confignratlon o« prior art example and problama associated 
therewith 

A catalyst combustor according to the prior art comprises 
typically, as shown in Fig. 1, a cylindrical catalytic medium 
2 in a honeycomb configxiratlon and a back fire preventive plate 
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3 in a disc-llke configuration haviug a number of «n^l blowout 
holea foraea tberatbrougb, whldh are diapoaed wltnin a 
cylindrical combustion cylinder 1, and further inoludea a 
punching metal 5 and a porous plate o£ ceramiOB 6, which ar« 
both dlapoBBd between a vaporization cylinder i and the back 
fire preventive plate 3. Besides, as for a meana for 
supplying a fuel, the prior art catalyst combuator has 
employed a pulsad supply method by an electromagnetic pu«p, 
though not shown. If this method is used to carry out the 
catalytic combustion, due to its nature pertaining to the 
pulsed fuel supply, pulses from the electromagnetic pump 
generates pulsations, which would result in uneven mixing of 
the fuel with the air, and so it had been difficult to carry 
out a uniform catalytic eonibustion across the catalytic 
ineflium 2. Especially, in caee of the combustion with a low 
combustion volume, in which the pulse interval of the 
electromagnetic pump is inevitably longer, the above- 
nentioned trend could be observed algnif leant, failing to 
carry out a stable combustion. Another example according to 
the prior art using no honeycomb configuration of the 
catalytic jnedium comprises, as shown in Pig. 2, a catalyst 
layer 9 filled up With particles of catalytic medium in the 
form of pellet a, a pair of porous plates 10 for holding the 
catalyst layer 9 therebetween, and a back fire preventive 
plate 11 similar to that shown in Pig. 1. which are entirely 
disposed within a combuetion cylinder 7 , but this example has 
employed, instead of the porous plate of ceramios 6 as shown 
in Pig. 1. a diffusion layer 13 filled up with ceramic rings 
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12. which 18 held by pair of porous platea 10 also used 
to nold the catalyst layer 9. m this method, although a 
mixing and diffusion of the fuel and the aix oan be maintained 
to be uniform by said diffusion layar 13 and the catalyst layer 
9 , it requires the significant length for both of the diffusion 
layer 13 and the oatalyst layer 9, leading to a problematio 
Bituetion of a bulky profile of the entire combustor. 
Object of tha present invention 

The present invention is made to solve the above problems 
associated with the prior art. and an object thereof is to 
provide a catalyst combustor having a relatively compact 
profile o£ a combustion chamber and enabling a stable 
combuetion condition to be maintained even with a widely 
varying combustion volume and air volume, 
conflgnration o< the invention 

TO accomplish the above object, the present invention 
employs a basic configuration of a catalytic combastor. 
comprising a honeycomb heart-retention plate, a honeycomb 
catalytic medium, and a back fire preventive plate, which are 
diapoeea in the above aequence as <Jef inea f xum flownatream aide 
toward upstream side along a flow of premised fuel- air mixture , 
and further Inclufllng a diffuaion plate of foaroea ceramics 
interposed between a vaporization cylinder and aaid back fire 
preventive plate, m this configuration, if the pulsed 
supply method by an aleotromagnetlc pump is employed as the 
fuel supply method, the pulsations during the supply of the 
fuel can be absorbed while passing through the fine 
perforations m the form of labyrinth extending vertically 
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ana horizontally in said diffusion plate of foamed cerainlcs. 

and ae a result, a at-ble premlxed fuel-air mixture caa be 

supplied onto the catalytic medion.. eo that the stable 

combustion condition across tha catalytic medium end thus the 

clean emiesion gas are ensured. 

Description o« tne embodlBenta 

The present invention will now be described with 

reference to an embodiment shown in Pig. 3. which has been 

given by way of Illustration only. 

A combustion cylinder 17 made of heat resistant metal 
and comprising a honeycomb heat-retentlon plate 14. a 
honeycomb catalytic medium 15, and an ignition heater 16 
interposed between said two elements is in its rear portion 
coupled with a mixing cylinder 18 made of metal of high heat 
conductivity, such aa kl. for example, which is in turn in 
its rear portion coupled with a vaporiaation cylinder 20 
embadd-a with a sheathed heater 19. Within the mixing 
cyimaer Xa are <UspQSfta a beck fire preventive plate 21 made 
of ceramic porous plate, and a diffusion plate of foamed 
ceramics 23 according to the present invention with a punching 
blowout plate 22 placed thereon, and further a resistor 
element 24 made Of wire-net is disposed in a joint port between 
the mixing cylinder 18 and the vaporisation cylinder 20. 
Further, a bottom portion of the mining cylinder 18 is securely 
supported by an outer casing 25. The vaporization cylinder 
20 in its bottom portion is fitted with a blow-In pipe 26. 
and through a wall of said blow-in pipe 26 an oil feed pipe 
27 horizontally introdooad. A part of the feed pipe 27 
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d«£in*d i» the mslde of the blow-ifi pipe 26 Ib coupled with 
two fuel injection pipe 28, whose injection ports are facing 
oppositely to each other and configured to inject the fuel 
to impinge upon regions of high temperatura in the 
vaporttation cylinder 20. Furthermore, a tbertao-oouple 29 
acting to control a vaporization temperature is arranged 
laterally through and into tue vaporization cylinder 20. 

An operation of the embodiment according to the above 
configuration will now be daaoribed. 

After tba eheathad heater has been turned on and when 
the thermo-couple 19 detects that the temperature in the 
aidewall of the vaporization cylinder 30 has reached a 
pradatennlned temperature, then a fun and an electromagnetic 
pump (either of them not shown) are turned on to thereby 
initiate the supply of air and liguid fuel . Since the liquid 
fuel is introduced into the vaporization cylinder 20 through 
the extremely fine fuel injection pipe 28 from the feed pipe 
27. the liquid fuel from the tip of the fuel inaectlon pipe 
28 will impinge upon the sidewall of the vaporiaation cylinder 
20 with a considerable velocity, and ao it will evaporate while 
developing fine grains. On the other hand, the air that has 
been Introduced into the vaporization cylinder from the 
ttlow-in pipe a« may be mixed with said vaporised fuel to some 
degree, but when it passes through the resistor plate 24 in 
the exit of the vaporisation cylinder 20. they might turn out 
to be in quite uneven condition of the premixed fuel-air 
mixture. When such fuel-air mixture in the above condition 
reaches the diffusion plate of foamed ceramics 23. since said 
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£uel-*ir mixtur© ia tne unevenly nOsiea condition causes 
turbulent diffusion owing to the fine pert orationa in tne 
labyrinth o* the diffusion plate of foamed ceramics 23. it 
tume iAto the uniformly mixed condition »t the tUne of ite 
passing through the punching blowout plate 22. When th« 
fuel- air mixture in this condition has passed through the 
honeycomb catalytic medium 15. it is ignited by the ignition 
heater 16 holding a high red heat in a range of *00 to lOOOt: 
through power supply. Just after the starting of ignition, 
filmy flame IS developed immediately above the honeycomb 
^^i^tlo medium 15, and the heat generated from this flame 
gradually effects to the interior of the honeycomb catalytic 
medium IS to allow the entire honeycomb catalytic medium 15 
to reach an activating temperature, thereby accompliehing the 
stable condition of the catalytic oombustloa . Further , since 
the henayoofflb heat -retention plate 14 is arranged above the 
honeycomb catalytic medium 15, the cooling effect from the 
external air can be suppressed, thus onauring the further 
stabilized condition of the catalytic combustion to be 
obtained. Furthermore, the pulsations generated by the 
electromagnet io pump during the fuel supply can be absorbed 
by the fine perforations of the diffusion plate of foamed 
ceramics 23, and so It would be no more effective to the 
comhUBtion across the honeycomb catalytio medium 15. 

Pig. 4 shows a graphical representation of the effect 
of tne catalyst combustor according to the present invention 
in comparison with the example according to the prior art as 
shown in Fig. 1. Considering of the fact that the combustion 
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performance of the hoxiaycomb catalytic medium depends on an 
area and a diameter of an opening of the catalytic medium, 
the one and the same honeycomb catalytic medium (site defined 
by (M30 xfi 20) was used for both the embodiment of the preaent 
invention and the prior art example. The material thereof 
employed the one containing a primary component of ZrOj. In 
Fig. A. the vertical axis is indicative of the excess air ratio 
(by m value) . while the hori2ontal axis is indicative of the 
combustion volume of a icerosene, wherein the curves defined 
by the blacX dots represent the embodiment of the present 
invention, while the curves defined by the white dots 
represent the prior art example. It is to be noted that the 
each of the upper curves defines a (j^lw-c^t limit indicative 
of such a limit where when the excess air ratio is increased, 
the balance in oombuetion over the catalytic medium 2 or the 
honeyoomb catalytic medium 15 would be broken, and 
resultantly the flame could be locally blown off or CO could 
be produced, ultimately no more s^ble combustion baing 
obtainable, while each of the lower curves defines a back fire 
limit indicative of such a limit where when the excess air 
ratio is reduced to make it approaching to the theoretical 
combustion air volume, the flame would be produced behind the 
back fire preventive plate 3 or the back fire preventive plate 
21, and resultantly the catalytic combustion wl^houJ^^jBlames 
oould be no more obtainable over the catalytic medium 2 or 
the honeycomb catalytic medium 15, with a xanQe defined 
between the blow-off limit and the back fire limit considered 
as the stable oorobuation range. It is observed in Fig. 4 that 
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the blow-off limit values for the prior art example are shifted 
toward the lower m value side a« compared to the e-hodiment 
of the preseut ihvention. indicating that the combustion 
balance is more likely broKea than the embodiaent of the 
present invention . It is thus underatood that the eBbodimant 
o£ the present invention enables the stable combustion even 
with a hlflh air-fuel ratio, as compared to the prior art 
example. 

BCfeot of the invention 

Aooording to a catalyst combustor of the present 
invention, the below-listed effect could be obtained. 

(1) Owlnfl to a configuration, in which a honeycomb 
heat-retention plate, a honeycomb catalytic medium, and a 
back fire preventive plate are disposed in this sequence as 
defined from downstream side along a fuai-air mixture flow, 
and a di£«oalon plate of toamed eeramios is interposed between 
a vaporization cylinder located in the most upstream side and 
said bacK fire preventive plate, a mixture of fuel gas and 
air can be held in a uniformly mixed condition to be supplied 
over said honeycomb catalytic medium. 

(2) Owing to the above configuration, the stable 
combustion can be provided even in a higher excess air ratio. 

(3) Owing to the above configuration, which eliminates 
the need for a diffusion plate made of multiple steps of 
punching metal or wire net aiming for the uniform mixing of 
the fuel gas with the air, a mixer is allowed to be of 
relatively compact profile, thua allowing a combustor in 
itaeif to be made compact. 
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4. PBSCSmiON OF THE DRAHINGS 

Pig. I is a longitudinal section view of a catalyst 
combustor according to the prior art: 

Fig. 2a is a longitudinal section view of another 
o^talyat oombuator according to the prior art, and Pig. 2b 
is a perspective view of a ceramic ring? 

Fig. 3 is a longitudinal section view of one embodiment 
of a catalyst combustor according to the present invention; 
and 

Fig. 4 is a graph for illustrating combuation 
characteristics m the comparison between the prior art 
example as shown in ?lg. 1 and the embodiment of the present 
invention, 

herein, reference numeral 14 designates a honeycomb 
neat -retention plate, 15 a honeycombs catalytic medium, 20 
a vaporlsJBtion cylinder, 21 a back fire preventive plate, and 
23 a diffusion plate of foamed ceramics. 
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TRANSLATION OP THE WORDS IN THE DRAWINGS 
[Fig. 4] 

SSiSiPJ^ mffl ; Excess air ratio, m value 

ff^ffljKSfeM : Kerosene combustion volume 

CO. ^^B^^^lCO odor generated region 

ttlJSEiititffiSiafl:®^ I Catalytic medium boat -deterioration region 

: Blow-off region 
iS^i^Cffi® : Back fire region 



